This study examined the scope of lexical planning in second language (L2) production using the semantic blocking effect and its associated patterns of ERPs. The semantic blocking effects-as measured by longer response times in picture naming tasks and often interpreted as a reflection of difficulty in lexical access-have been observed when all objects of a set belong to an identical semantic category than diverse categories. Two experiments were conducted to observe patterns of ERPs associated with the semantic blocking effects (i.e., semantic context effects) by using two types of subject nounphrases that include two nouns, a head noun modified by a prepositional phrase (PP) (e.g., the dog above the flower is red) and a conjoined noun phrase (CNP) (e.g., the dog and the flower are both red). The first noun (homogeneous vs. heterogeneous) in the set of pictures was manipulated in Experiment 1, and the second noun in Experiment 2. The ERP results showed that semantic blocking effects were observed in both experiments, in contrast to previous findings for native speaker production, providing no evidence for incremental planning in L2 sentence production. Instead, different ERP patterns were found for the subject NP type (PP vs. CNP) in both experiments, showing that the lexical planning scope in L2 sentence production might vary according to functional phrases-i.e., the relation between two NPs composing the subject noun-phrases.
Introduction
Most language production models in psycholinguistics posit that language production undergoes three levels of processing such as conceptualizing, formulating, and articulating (e.g., Garrett, 1975; Levelt, 1989) . Through the process, speakers decide on the message to convey, build the syntactic structure, and select every word prior to producing an utterance. However, it is still controversial whether speakers plan the entire utterance before the articulation is initiated or whether linguistic planning proceeds incrementally (e.g., Griffin, 2001 , Meyer, Sleiderink, & Levelt, 1998 Kempen & Hoenkamp, 1987) . This is related to the issue of the scope of planning, which refers to how far ahead they retrieve words lexically before speech production. To examine the scope of lexical planning, previous studies have focused on the first content word of an utterance, mostly comparing the onset latencies of utterances with different syntactic structures that include two or more objects. Levelt and Maassen (1981) , for instance, conducted an experiment where the participants described two moving objects on the screen within given syntactic structures. The participants were instructed to make utterances using either a conjoined-noun-phrase structure or two-conjoined-sentence structure such as "x and y go up/down" (a conjoined noun phrase) and "x goes up and y goes down" (two conjoined sentences). They found that the onset latency of a conjoined noun phrase was longer than the latency of two conjoined sentences, arguing for a different scope of planning depending on the types of structures. Similarly, Smith and Wheeldon (1999) found longer onset latencies for a sentence beginning with a complex phrase (the dog and kite move above the house) than for a sentence beginning with a simple phrase (the dog moves above the kite and the house). The results showed that prior to speech onset, lexical retrieval is completed for the subject noun phrase of an utterance, but not completed for the remainder of an utterance. They found that the lexical planning scope encompasses only the subject noun phrase rather than the whole sentence before speech production.
For questions on the scope of lexical planning, Allum and Wheeldon (2007) carried out experiments where participants were instructed to describe two vertically presented pictures based on the color of the presented pictures, and the participants were also asked to describe the pictures using two types of sentence structures: a prepositional phrase (PP) that modifies a head noun as the subject of an utterance, as in "the flower above the dog is red," and a conjoined noun phrase (CNP) as the subject of an utterance, as in "the dog and the flower are both red." In this research, they found longer onset latencies for CNP than PP utterances. These findings demonstrated that only the head nouns of the subject phrases are encompassed by the lexical planning scope rather than the entire subject phrases. They also investigated the lexical planning scope during spoken sentence production not only in English but also in Japanese. Since Japanese is a head-final language unlike English, forming the subject phrase of an utterance in Japanese would clarify the scope of lexical planning before speech onset. That is, in Japanese, a prepositional phrase that modifies a head noun should be produced earlier than the head. They also found that CNP utterances were longer than PP utterances in onset latencies in Japanese, suggesting that the scope of lexical planning encompasses a functional phrase, rather than initial head nouns or subject noun phrases. Based on these findings, they defined the functional phrase as the unit for thematic representation of the utterance, just as verb arguments serve as AGENT and THEME. In that sense, the subject noun phrase of a CNP utterance consists of one functional phrase, while the subject noun phrase of a PP utterance consists of two different functional phrases. Thus, the reason for the longer onset latencies for a CNP utterance than a PP utterance could be simply ascribed to the length of their first functional phrase.
Conversely, several studies have provided support for the radically incremental hypothesis, rather than the functional phrase hypothesis. Griffin (2001) , for example, conducted an experiment where participants produced sentences such as "the A and B are above the C", using three pictured objects. The objects in the sentence, A, B, and C, were manipulated in terms of codability. The results showed that the participants' response was affected by lower codability when they named the first object A (i.e., the object has a number of alternative names for it). However, the codability the study findings provided support for the radically incremental hypothesis that speakers lexically plan one word ahead at a time.
So far, previous studies on the scope of lexical planning focused on speakers' first language production. No study, to our knowledge, has examined the scope of lexical planning during second language (L2) production. Thus, the current study replicated Zhao and Yang (2016) to examine how far ahead Korean L2 learners of English can plan lexically before speech production using the semantic blocking effects by measuring their latencies and ERPs. The results of the study could indicate the scope of lexical planning in L2 production, which would support either the functional phrase hypothesis or the radically incremental hypothesis in L2 production; otherwise, it would support a hypothesis that lexical planning encompasses the whole subject noun phrase.
The Current Study
The current experiments investigated how far ahead Korean L2 learners of English can plan lexically before they start to produce an utterance, using semantic blocking effects and two syntactic structures, CNP and PP, that include two nouns for the subject phrase, as measured via ERPs. The present study replicated Zhao and Yang (2016) , which examined whether the semantic blocking effect arises at the sentential level, rather than single picture naming, with L2 speakers. In Experiment 1, out of the two nouns which form a subject in a sentence, only the first nouns were manipulated to form either homogeneous or heterogeneous conditions. The second nouns were always heterogeneous for the experiment. Before producing an utterance, the first noun of a sentence was anticipated to be fully retrieved; thus, the semantic blocking effect was expected to be observed in speech onset latencies and ERP components. If the speech onset latencies and ERPs show the semantic blocking effect, the effect is stable in L2 learners' sentential-level speech production and lexical planning scope.
In contrast to Experiment 1, manipulating the first noun of each sentence, Experiment 2a and 2b manipulated the second noun of each sentence to examine whether the second noun of a sentence was lexically planned prior to production of an utterance. In the experiment, the first noun of of B and C did not influence onset latencies. That is, A is prepared before speech production, but not B and C. The results suggested that speakers often incrementally select nouns in fluent utterances, providing support for the radically incremental hypothesis.
In addition, Zhao and Yang (2016) examined whether the lexical planning scope can extend from the first noun of utterances to the subject noun phrase using semantic blocking effects, which refer to the phenomenon where speakers take longer to name items from the same semantic category than from different semantic categories. The semantic blocking effect has been stably observed in picture naming tasks when small sets of repeated pictures are presented in blocks. The pictures were divided into two groups: homogeneous and heterogeneous group. For the homogeneous condition, the pictures from the same semantic category were resented in blocks, and for the heterogeneous condition, each picture was resented from a different category. When speakers named the pictures in blocks, speech onset latencies for the homogeneous condition were observed to be longer than in the heterogeneous condition. This latency effect is called the semantic blocking effect (Damian, Vigliocco, & Levelt, 2001; Belke, Myer, & Damian, 2005) . Using the semantic blocking effect, Zhao and Yang (2016) examined two types of sentences (CNP and PP) including subject noun phrases with two nouns such as "the chair and the boat are both red (CNP)" and "the chair above the boat is red (PP)" through eventrelated brain potentials (ERPs) as well as onset latencies. Twenty-four native Chinese speakers participated in the experiments, and 18 selected pictures were classified into six categories: zoo animals, fruits, furniture, forms of transport, musical instruments, and body parts. Words that are classified in the first three categories were used as the first noun of the sentences and those in the remaining three categories as the second noun of the sentences. When picture items were presented to participants, they were always presented vertically (one in the top and the other in the bottom position). In Experiment 1, the pictures positioned in the top were presented either in homogeneous or heterogeneous sets, and the pictures in the bottom were always in heterogeneous sets, and vice versa for Experiment 2. The semantic blocking effect was observed in onset latencies and ERPs for the first noun of each sentence type, but not for the second noun. Consequently, the second noun in each sentence was presented in only heterogeneous categories. To focus on observing lexical planning rather than structural planning, participants were required to use the instructed syntactic structures.
Participants
Twenty-one university students in Seoul participated in the experiment. Participants who were all Korean native speakers who have not lived in any English-speaking countries before the age of 15. They reported to have normal or corrected-to-normal vision and received compensation for their participation. Undergraduate students with a TOEIC score of 900 and above out of 990 were recruited for this experiment (advanced learners of English).
Materials
Pictures were adapted from Zhao and Yang (2016) and originally from Snodgrass and Vanderwart (1980) . Six semantically different categories were used: zoo animals, fruits, furniture, transports, musical instruments, and body parts. Each category was composed of three items. Pictures from the first three categories (zoo animals, fruits, and furniture) were always presented in the top position of two vertically positioned pictures on the screen, and they were used for the first noun in the produced utterances, while the pictures from the other three categories (transport, musical instruments, and body parts) were always presented in the bottom position, and they were used as the second noun for producing utterances. To examine the semantic blocking effect, the top-positioned items were formed from the same category to set up three homogeneous groups, or were formed from three different categories to set up three heterogeneous groups, while the bottom-positioned items were formed from different categories to set up three heterogeneous groups, and then another three heterogeneous groups were formed again. Each of the six heterogeneous groups for the bottom-positioned pictures was paired with each of the toppositioned pictures to form six blocks, and each block was formed in CNP and PP structures, respectively, which eventually led to 12 blocks altogether. To distinguish the two different syntactic structures, CNP and PP, red lines appeared under both pictures for CNP structures, but for PP structures, red lines only appeared under the bottom-positioned pictures. For practice trials, each sentence was always heterogeneous, while the second noun of each sentence was manipulated to form either homogeneous or heterogeneous conditions. If lexical planning encompasses the whole subject of an utterance, the semantic blocking effect would arise in both of CNP and PP structures. On the other hand, if the semantic blocking effect is observed in only CNP structure, it would support the functional phrases hypothesis. In contrast to the functional phrase hypothesis, no semantic blocking effect for neither CNP nor PP structures would be anticipated according to the radically incremental hypothesis, since the heterogeneous condition of the first noun would not influence the latency of naming the first noun both in CNP and PP, given that the radically incremental hypothesis hypothesizes that speakers incrementally select word by word (the first noun and then the second noun).
Using ERPs, the current study analyzed the lexical planning period observed before speech onset. To differentiate the effects of lexical planning from structural planning, each syntactic structure, CNP or PP, is used for each block; that is, participants were instructed to use each sentence type for each block in order to reduce structural planning. Through the current experiments, the results would support either the functional phrase hypothesis or the radically incremental hypothesis (or it would support a hypothesis that lexical planning encompasses the whole subject of a sentence). If the semantic blocking effect is not observed in Experiment 2 (which manipulated the second noun of both sentence types), this would yield substantial evidence supporting the radically incremental hypothesis. On the contrary, if the semantic blocking effect is observed on the second noun of only the PP sentence type, this would provide evidence for the functional phrase hypothesis.
Experiment 1
Several L1 studies suggest that the first noun of a sentence is retrieved before production of an utterance under homogeneous and heterogeneous conditions. Thus, the semantic blocking effect is expected to be observed in ERP components prior to producing L2 sentences. Since the aim of Experiment 1 was to observe the semantic blocking effect for the first noun, and filtered online with a 0.3 to 100 Hz band-pass and recorded with a sampling rate of 1 kHz. For preprocessing ERPs, the data were filtered with a FIR (finite impulse response) filter (a 1 Hz to 50 Hz band-pass) and down-sampled at 500 Hz. From every stimulus, onset data were extracted within -100 to 600 ms, and baseline was corrected from -100 to 0 ms. Extremely large fluctuations of , unusual activity beyond std. 5 with a maximum 10% of total trials, and contaminated trials (EOG artifacts) by inspection were rejected. Five out of 21 participants were excluded for a rejection ratio that exceeded 30%. On average for 16 subjects, 13.7% of total trials were rejected. Trials were averaged for each experiment.
Results

Behavioral results
The following types of responses are classified into production errors: (1) making a response with different names of pictures; (2) using different syntactic structures from the instructed syntax (any responses which do not start with content words such as an expletive there were marked as production errors); (3) using inaccurate responses, including stammering, correcting mistakes, and any non-verbal sound production which activated the voice key. Outliers for latency were established as less than 300 ms and more than 3000 ms. The ratio of production errors and outliers reached 7.8%, and five participants' audio recordings had technical problems in measuring the latency, so they were eliminated from the latency analyses. Out of the six targets in each block, the last three targets were analyzed to examine the semantic blocking effect. The latency results showed that there was no significant difference between CNP and PP (F<1, n.s.). However, there was a marginally significant difference between homogeneous and heterogeneous conditions (F(1,14) =4.128, p=.062), showing a semantic blocking effect. No interaction between Sentence Type and Semantic Context was found (F<1, n.s.).
Electrophysiological results
The electrodes were clustered into six regions by three levels of latitudinal sections (anterior, central, and posterior) and two levels of longitudinal two blocks consisting of six fillers were used, one for CNP structures and the other for PP structures, respectively.
Design
Materials were divided into two semantic contexts (homogeneous vs. heterogeneous) and two syntactic structures (CNP vs. PP), which were within-subject factors. The homogeneous blocks and the heterogeneous blocks were presented in turn, and the CNP and the PP structures were presented separately. In each block, the three target pictures were presented at the beginning, and then the rest of the three target pictures were presented after the first half of the block. All of the paired pictures were pseudorandomly presented; therefore, no same picture appeared one after another.
Procedure
Prior to the experiment, the participants were exposed to the pictures included in the experiment, as they might not be aware of the appropriate English word to describe each picture. The participants were seated in front of the computer monitor. A fixation point was presented for 1000 ms, and then the vertically paired pictures appeared for 4000 ms. Each experiment was performed by the participants individually. They were instructed to name the given pictures in the required syntactic structures (CNP & PP) precisely and rapidly and to produce sentences using one syntactic structure through the whole block. After the paired pictures were presented, a blank screen appeared for 2000 ms.
ERP recording and analyses
The continuous EEG was recorded from 30 Ag/AgCl electrodes, mounted in an electrode cap (Neuroscan Quikcap, USA), using midline electrodes (Fz, FCz, Cz, CPz, Pz, Oz) and lateral electrodes (FP1/2, F3/4, F7/8, FC3/4, FT7/8, C3/4, T7/8, CP3/4, TP7/8, P4/5, P7/8, O1/2), all of which were referenced to M1 and M2. Additional electrodes were positioned above and below the left eye as well as on the left and right outer canthus in order to monitor eye movements. The electrode impedances were kept below 5 ㏀. The EEG recordings were amplified using a Neuroscan SynAmps2 System, Junhyeok Kwon, Hee Jun Lee, Jeong-Ah Shin, Wonil Chung, Myung-Kwan Park & Cheolsoo Park Lexical Planning in L2 Sentence Production: Evidence from ERPs Note. Scalp distribution in brackets indicates the specific areas in which the ERP components were observed by time course.
Discussion
The aim of Experiment 1 was to examine whether the semantic blocking effect can be extended to L2 learners' speech planning. The behavioral data revealed that the production latency for the homogeneous condition was slower than for the heterogeneous condition, providing evidence for the semantic blocking effect during production. Likewise, the ERP results showed that the semantic blocking effect was observed in both sentence types, CNP and PP. In all of the time windows before 400 ms, except for the time window of 0-50 ms, a negativity for the heterogeneous condition compared to the homogeneous condition was observed. The negativity of ERPs can be interpreted in terms of the effects of semantic contexts during input processing, rather than output processing (i.e., production), reflecting that the processing of the meaning of the stimulus is easier in a related context (i.e., the homogeneous condition) than in an unrelated context (i.e., the heterogeneous condition) (Janssen, Carreiras, & Barber, 2011) . The overall results in the current study are consistent with those of Zhao and Yang (2016), but they differ in that the semantic blocking effect was observed in most of the time windows, that the ERP components were observed in overall scalp distributions, and that the reversed amplitudes (a greater negativity for the homogeneous condition) were observed in the time window of 400-550 ms. These discrepancies can be attributed to the differences between L1 and L2 production, and this will be more discussed in the General Discussion section. Moreover, the effect of sentence type was not observed in onset latencies, although the ERP results showed differences in overall scalp distributions, reflecting the interference effects during the processing of lexical planning. However, the scope of lexical planning was not examined in this experiment, so the question of whether the second noun is lexically planned before speech onset for the CNP or PP utterances will be addressed in Experiment 2.
Experiment 2
In Experiment 2, the second noun of utterances was manipulated to test whether the second noun in two sentence types (CNP & PP) was lexically As shown in Table 1 , ERP results showed that there were overall significant differences between CNP and PP for the sentence type effect, except for the time window of 0-50 ms and after 500 ms. In addition, significant differences were found between homogeneous and heterogeneous conditions for the semantic blocking effect. As Figure  1 shows, a greater negativity for the heterogeneous condition than the homogeneous condition in CNP and PP utterances was observed across anterior regions in CNP utterances and in PP utterances in the time window of 200-400 ms. However, the reversed amplitudes (a greater negativity for the homogeneous condition) were observed across anterior regions in the time window of 400-550 ms.
As illustrated in Figure 2 , the effect of Sentence Type was observed in ERPs in most of the time windows, with a larger negativity for the PP utterances compared to the CNP utterances, although no difference in latency was found in the behavioral data. Note. Average ERPs for CNP utterances in homogeneous blocks and PP utterances in homogeneous blocks at the CZ electrode are presented as an example. The scalp distribution for the sentence type effect (CNP minus PP) is presented in the time window of 100-150 ms and 300-400 ms.
indicating a semantic blocking effect. In Experiment 2b, there was neither a significant difference between CNP and PP nor between homogeneous and heterogeneous conditions (Fs<1, n.s.).
Electrophysiological results
The analyses for Experiment 2a and 2b were conducted in the same manner as the analysis in Experiment 1. The same six regions of Experiment 1 were measured with ANOVAs for both experiments, respectively. Table 2 and  Table 3 summarize the results for the experiments.
Table 2. Main ERP Effects in Experiment 2a
planned before producing utterances. That is, it was to test the functional phrase hypothesis for the scope of pre-utterance lexical planning. When the second noun is manipulated for either homogeneous or heterogeneous forms, the functional phrase hypothesis predicts that the semantic blocking effect would be observed only in CNP structures, not in PP structures, before speech onset. On the other hand, the radically incremental hypothesis anticipates that the semantic blocking effect would not be observed in either CNP or PP structures; however, if a semantic blocking effect is observed in both of CNP and PP types, this would provide evidence that the whole noun phrase subject of an utterance is lexically planned before speech onset.
Participants
The participants who completed Experiment 1 continued to Experiment 2a and 2b after a short break. The language background information remained the same as in Experiment 1.
Design
In Experiment 2, the same materials and procedure from Experiment 1 were used with the exception of differently positioned semantically manipulated nouns. In Experiment 2 the second noun was manipulated for either homogeneous or heterogeneous conditions, so the positions of the same paired pictures used in Experiment 1 were exchanged. The target pictures from the three categories (zoo animals, fruits, and furniture in Experiment 2a and transport, musical instruments, and body parts in Experiment 2b) were presented at the bottom section of the screen. After Experiment 2a, the participants took a short break and started Experiment 2b.
Results
Behavioral results
The method of data preprocessing for the latency analysis was the same as for Experiment 1. In Experiment 2a and 2b, 3.57% of the data were removed from the analysis. The latency results in Experiment 2a showed that there was no significant difference between CNP and PP (F<1, n.s.). However, there was a marginally significant difference between homogeneous and heterogeneous conditions (F(1,14) =3.376, p=.096), observed across anterior regions in the time window of 400-550 ms. As in the results for Experiment 1, in Experiment 2a, the main ERP effects for Sentence Type were observed in most of the time windows except for the 50-100 ms time window. The main ERP effects in the second column of Table 2 showed a semantic blocking effect, but no semantic blocking effect was shown in the time window of 0-100 ms. In Experiment 2b, the significant ERP effects for Sentence Type were also observed for the current experiment in all of the time windows except for the time window of 0-50 ms. The main ERP effects in the semantic blocking effect were also observed in most of the time windows except for the time window of 0-50 ms.
Significant differences were found between homogeneous and heterogeneous conditions for the semantic blocking effect in both Experiments 2a and 2b. As Figure 3 shows, a greater negativity for the heterogeneous condition than the homogeneous condition in CNP and PP utterances was observed across anterior regions in CNP utterances and in PP utterances in the time window of 200-400 ms. However, the reversed amplitudes (a greater negativity for the homogeneous condition) were the semantic blocking effect was observed in both CNP and PP types in Experiments 2a and 2b. In the time windows from 200 ms to 400 ms, the ERP components were observed, and they were detected in the overall scalp distributions, indicating the semantic interference effects in both CNP and PP types during the processing of planning. The results also indicated that Korean learners of English lexically plan the second noun ahead before they produce utterances in English.
General Discussion
The scope of lexical planning in speech production has not been examined in L2 production. To examine whether the lexical planning scope encompasses the functional phrase, the first noun phrase, or the whole phrase, two semantic blocking experiments were conducted with ERP recordings. In Experiment 1, which manipulated the first noun of the utterances, a semantic blocking effect in onset latencies and ERPs was observed for both CNP and PP utterances. However, no effect of sentence type was found in onset latencies, although the ERP results showed the effect of sentence type between CNP and PP utterances. In Experiment 2, which manipulated the second noun of the utterances, the results were similar to those in Experiment 1, showing a semantic blocking effect in onset latencies and ERPs for both CNP and PP utterances with no effect of sentence type in onset latencies, while the effect of sentence type was found in the ERP components.
The results in Experiment 1 are consistent with those of Zhao and Yang (2016) , while the results in Experiments 2a and 2b differ from theirs. Zhao and Yang (2016) concluded that lexical planning is radically incremental, since the semantic blocking effects were observed only for the first noun. However, the current study of L2 speech production showed the semantic blocking effects for the second noun as well as the first noun, which indicate that Korean L2 learners of English lexically plan based on functional phrases or larger linguistic chunks rather than incrementally.
This issue seems to be related to the bilingual memory or unbalanced L2 learners' memory. A debate has existed on whether a bilingual with high proficiency has a common memory system that is shared for both Note. The scalp distribution of the semantic blocking effect is presented for the time window of 250-350 ms (homogeneous condition minus heterogeneous condition). ERP patterns in Experiment 2b were similar to those in Experiment 2a, which are presented as an example.
In addition, the effect of Sentence Type was observed in the ERP results in both Experiments 2a and 2b in most of the time windows, with a larger negativity for the PP utterances than for the CNP utterances as Figure 4 shows, although no difference in latency was found in the behavioral data. Note. Average ERPs for CNP utterances in homogeneous blocks and PP utterances in homogeneous blocks at the CZ electrode are presented as an example. The scalp distribution for the sentence type effect (CNP minus PP) is presented in the time window of 100-150 ms and 300-400 ms.
Discussion
Experiments 2a and 2b were conducted to test whether Korean learners of English lexically retrieve the second noun in CNP and PP structures before producing utterances. The same materials and design from Experiment 1 were used, except that in Experiments 2a and 2b the second noun was manipulated to form either homogeneous or heterogeneous categories (the first noun was always heterogeneous). As in the results of Experiment 1, nouns because the processing of the meaning of the stimulus is more difficult in an unrelated context (i.e., the heterogeneous condition) than in a related context (i.e., the homogeneous condition) (Janssen, Carreiras, & Barber, 2011) for L2 speakers. Thus, unlike the previous L1 study (Zhao and Yang, 2016) , which found the semantic blocking effects only for the first noun, this current study revealed L2 semantic blocking effects for both the first and second nouns in the behavioral data (i.e., naming latencies in production) and ERP data (i.e., a greater negativity for the heterogeneous condition in the time window of 200-400 ms). In addition, the reversed amplitudes (a greater negativity for the homogeneous condition) observed in the time window of 400-550 ms in our study were not found in the previous L1 studies. This can also be ascribed to the differentiating process of L2 planning, showing a competitive word selection process where alternative non-target representations (i.e., homogeneous categories) might be more activated through shared semantic representations during the process of planning (Kroll & Stewart, 1994) .
Another issue arising from the results in the current study is the effects of sentence types, CNP and PP. Although the results for onset latencies were not significant, the difference in sentence type effects in the ERPs might result from the different syntactic hierarchies of each sentence type. Although both sentence types include two different noun phrases as a sentence subject, PP structures have deeper syntactic structures than CNP structures. In PPs, the preposition phrase with the second noun is located under the first noun, while for CNPs, the second noun is the sister of the first noun, and thus, the different depth of the syntactic structures might have affected lexical planning in the ERPs. However, this study cannot provide a clear explanation for the discrepancy between the behavioral data (i.e., the results of onset latency) and the ERP data in term of sentence type effects. This is possibly due to a significant loss in the behavioral data analyses, which might represent a limitation of this current study. Such limitations may be improved with more participants.
In conclusion, this study provides new evidence for the scope of lexical planning in L2 production with the semantic blocking effects measuring their onset latency and ERPs. We found that L2 learners (even advanced learners) tend to plan the whole subject noun phrase or the functional languages, or each language has its own independent memory system (McCormack, 1977; Snodgrass, 1984) . In particular, a hierarchically structured memory model, which consists of two different levels, has been suggested: one is a separate lexical memory system for each language and the other is an abstract memory system shared by both languages (Potter, 1979; Snodgrass, 1984) . Potter, So, Von Eckardt, and Feldman (1984) also suggested a word association model and a concept mediation model based on the hierarchically structured memory model. The word association model assumes an association at the lexical level between the first and the second languages, and since only the first language is linked with concepts, the second language must go through the L1 translation in order to gain access to meaning. On the other hand, the concept mediation model proposes a direct connection between both the first and the second languages and conceptual representations. The models were tested by using picture-naming tasks compared to word-naming (or translation) tasks. Previous studies found that naming pictures takes longer than naming words (Potter & Faulconer, 1975; Smith & Magee, 1980; Theios & Amrhein, 1989) because pictures require access to concepts prior to naming, while words can simply be read or translated. In bilingual production, naming pictures in the second language seems more difficult than naming words in both languages. Thus, Kroll and Stewart (1994) suggested a revised version of the hierarchical model, where the first language (L1) and second language (L2) are lexically linked and both the languages are associated with concepts directly; however, the strengths of the links between L1 and concepts versus L2 and concepts differ. Conceptual links between L1 and concepts are stronger than for L2 and concepts. Moreover, the lexical links from L2 to L1 are stronger than for those from L1 to L2.
In light of Kroll and Steward's (1994) model, since L2 lexical-conceptual links are weaker than L1 lexical-conceptual links, a reasonable explanation for our differing L2 results would be that the weaker L2 lexical-conceptual links would affect the naming of the second picture, and then the additional time to name the second picture would lead to the semantic blocking effects for the second noun during L2 production. Also, during input processing, the weaker L2 lexical-conceptual link could lead to the semantic blocking effects (more specifically, semantic context effects) for the first and second
